Study Objectives: To examine maternal knowledge of childhood sleep and its relation to sleep quantity, quality, and variability in a clinic sample of mothers of toddlers and preschool-age children with epilepsy.
Introduction
Sleep is essential for healthy growth and development in children with and without chronic health conditions [1] [2] [3] . Inadequate sleep, such as short sleep duration, and sleep disorders, such as obstructive sleep apnea, have both been associated with increased risk of obesity and predictive of emotional and behavioral problems in children [4] [5] [6] . Although healthcare professionals often rely on parents to identify problematic sleep in their children, a recent review indicates that most parents are unaware of what normal sleep is and seldom address children's sleep in primary care settings [7] . Parental awareness of childhood sleep may be particularly important for children with epilepsy whose sleep and its associated problems have been linked to seizure control and psychiatric symptoms as well as children's health-related quality of life [8] [9] [10] . However, no study has examined parental sleep knowledge in children with epilepsy and investigated whether parental sleep knowledge is a significant factor predicting the sleep characteristics of epileptic children.
Limited studies examining parental sleep awareness suggest that parents may lack knowledge or have misconceptions about children's sleep patterns. Owens and colleagues were among the pioneer investigators who designed a measure of 10 true/false questions to uncover inadequate knowledge about pediatric sleep in a sample of parents and caregivers visiting a community museum and pediatric primary care clinic [11, 12] . In their museum sample, only 4 per cent of parents answered all 10 questions correctly, with 82 and 67 per cent of parents answering incorrectly the questions about sleep needs of preschool and school-age children, respectively. Similar findings were shown in their primary care sample in which 76 per cent of parents underestimated the recommended sleep amount for their children, but only 8 per cent believed that their child was obtaining insufficient sleep, with >50 per cent of parents endorsing snoring as a sign of good sleep. Schreck and Richdale developed a 62-item Parents' Sleep Knowledge Inventory (PSKI) and found that only 7.6 per cent of parents scored >50 per cent correct, with most parents unable to answer correct items related to developmental sleep patterns in childhood even though 69 per cent of parents in their sample were college educated [13] . A more recent study employing a modified 10-item questionnaire developed by Owens et al. [11] found that on average only half of the knowledge questions were answered correctly in a group of parents of children attending hospital inpatient or day wards [14] .
Existing evidence also suggests that increased levels of parental knowledge about pediatric sleep are correlated with more parent reports of healthy sleep practices in children. Owens and colleagues in their community survey found that parents who answered more sleep knowledge questions correctly were more likely to report their children having regular bedtimes and wake times as well as falling asleep without an adult in the room [11] . Conversely, parents who underestimated their child's sleep needs were more likely to report their children obtaining a sleep amount less than recommended [11] . In their subsequent study conducted within a primary care context, parents who were more knowledgeable about child sleep were more likely to endorse a regular sleep schedule and exclude children's TV viewing from the bedtime routine [11] . A recent study found that more knowledgeable parents were more likely to report earlier bedtimes and wake times as well as greater consistency of their child's sleep routines [15] . This study also found that parents who underestimated their child's sleep needs reported a bedtime that was on average 46 min later than those who correctly estimated. Although findings from these aforementioned studies suggest that knowledge about childhood sleep likely provides the foundation for parents to support healthy sleep in their children, none included objective and prospective measures of sleep in assessing such an association. Parents with greater sleep knowledge may simply provide a more ideal and socially desirable practice about their child's sleep, rather than report the actual sleep behaviors of their children.
Sleep disturbances are more frequently reported in children with epilepsy than typically developing children [16] [17] [18] whose sleep problem prevalence during the first 6 years of life is already high ranging from 10.10 to 75.93 per cent [19, 20] . To understand parental sleep knowledge and specific areas of childhood sleep that parents lack is imperative to aid the development of education materials and intervention strategies to improve parental sleep knowledge and sleep-related outcomes in children with epilepsy. The purpose of this study was to examine maternal knowledge of childhood sleep and its relation to sleep quantity, quality, and variability in a clinic sample of mothers of toddlers and preschool-age children with epilepsy. We hypothesized that decreased levels of maternal sleep knowledge would be associated with shorter sleep duration and more sleep disturbances in children with epilepsy.
Methods

Design and participants
Children and parents included in this cross-sectional study were part of an ongoing intervention trial on families of children with epilepsy who were regularly followed at a pediatric neurologic clinic of a medical center in northern Taiwan. Children between 1.5 and 6 years old who fulfilled the electroencephalographic and clinical criteria for the diagnosis of epilepsy were recruited from September 2015 to November 2017. The exclusion criteria were as follows: (1) children born <37 weeks' gestation; (2) children with cerebral palsy or preexisting structural brain damage or those who were bedridden; and (3) parents unable to speak, read, and understand Chinese. Families eligible for the study provided sociodemographic and health information, with mothers completing the Children's Sleep Habits Questionnaire (CSHQ) and PSKI [13, 21] . Children wore a wrist actigraph continuously for a week with parents and caregivers keeping a concurrent sleep diary of their child during the same period. After 7 days of recordings, a research assistant met with the families to collect the actigraphy device and diaries.
A total of 115 children participated, with 112 children who had at least 4 days of usable actigraphy data included in the current analysis. Eighty-nine of the children were part of an earlier report on the agreement between actigraphy and parental diary for estimating sleep patterns in children with epilepsy [22] . The institutional review board approved the study protocol at the study hospital. Before any data were collected, a signed written informed consent was obtained from parents for all participating children.
Measures
Actigraphy
Daily sleep duration, including nocturnal sleep and daytime napping, in children was measured objectively using an actigraph (Actiwatch2, Phillips-Respironics Co., Inc., Murrysville, PA) worn around the child's wrist for 7 consecutive days. Actigraphy is a wireless, miniature device which estimates sleep-wake patterns using an accelerometer sensitive to body movements. Physical motion data, consisting of activity counts, were stored in 30 s epochs in the present study and converted to sleep parameters using the manufacturer's validated algorithm set at medium sensitivity (Actiware 5.52 software, PhillipsRespironics Co., Inc., Murrysville, PA). During the actigraph monitoring days, parents and caregivers completed a daily log documenting each sleep episode the child had and periods when the device was not worn to aid more accurate interpretation and scoring of the actigraphy data. Previous studies have demonstrated adequate validity, reliability, and clinical utility of actigraphy in assessing sleep in pediatric populations including children with epilepsy [23] [24] [25] .
We used visual scoring with the assistance of sleep diary information to improve estimates of actigraphy-derived sleep parameters. We did not measure interrater reliability. However, all actigraphy data scored by trained research assistants were verified by the corresponding author who is a nurse scientist with more than 15 years of experiences using actigraphy. Large or unexplained discrepancies between the actograms and diary recordings were first clarified with the participating families. Final determination of the rest intervals for challenging cases was made through a consensus-based approach.
Children's Sleep Habits Questionnaire
Sleep characteristics of the children were also assessed by the CSHQ [21] , a parental report questionnaire originally designed for screening sleep problems in school-age children and subsequently validated for toddlers and preschool-age children [26] [27] [28] . Items on the CSHQ were rated using a 3-point Likert scale ranging from usually (5-7 times per week), sometimes (2-4 times per week), to rarely (0-1 times per week) that reflected children's sleep habits over a recent typical week. Thirty-three items of the CSHQ were grouped into eight subscales, including bedtime resistance, sleep onset delay, sleep duration, sleep anxiety, night awakenings, daytime sleepiness, parasomnias, and sleep-disordered breathing. A total sleep disturbance score was the sum of all scored items ranging between 33 and 99, with a higher score reflecting more sleep disturbances. A total score of >41 has been suggested as a screening cutoff score to indicate clinically significant sleep disturbances. The internal consistency and testretest reliability of the CSHQ has been acceptable [21, 26, 28] , with both English and Chinese versions being used in studies to examine sleep in children with epilepsy [29] [30] [31] . Cronbach's α was 0.73 in the current study.
Parents' Sleep Knowledge Inventory
Maternal sleep knowledge was assessed using the PSKI, a 62-item questionnaire about children's sleep development, sleep problems, and normative sleep needs from infancy to adolescence [13] . Items in the PSKI were rated as 0 (not true), 1 (somewhat or sometimes true), 2 (very true), or 3 (don't know). The current study particularly focused on the 36 items categorized as developmentally normal sleep, comprising questions related to adequate sleep habits and appropriate amount of sleep that children would require at each developmental stage. Parental knowledge of pediatric sleep has only been examined using the 10 true/false questions developed by Owens and Jones [11] or employing the 62-item PSKI developed by Schreck and Richdale [13] . Since none of the available instruments used to measure parental sleep knowledge has reported evidence of reliability and validity, the PSKI which has been described recently as the most comprehensive instrument for assessing parental knowledge of children's sleep was chosen for the current study [32] .
Although not optimum, the use of the PSKI may still well be valuable given the clinical importance of assessing parental knowledge of children's sleep in pediatric epilepsy. In the current study, the number and percentage of items answered correctly as well as the number and percentage of items answered "don't know" were presented to summarize maternal responses on the PSKI.
Statistical analysis
Sample characteristics and maternal responses on the PSKI items were summarized using mean ± standard deviation for continuous variables, frequencies, and percentages for categorical variables. Relations between sample characteristics and maternal sleep knowledge were examined using bivariate Pearson correlations or chi-square test when appropriate. Daily sleep duration as measured by actigraphy was averaged within each individual child across the study period to obtain mean values. Intraindividual variability in daily sleep duration was estimated by computing the standard deviation over 7 days for each child [33] . Multivariate linear regression models were performed to predict CSHQ sleep disturbance scores (model 1), daily sleep duration (model 2), and daily sleep duration variability (model 3) in children with epilepsy. In addition to maternal education and maternal sleep knowledge, age of the child, gender, being the only child at home, child-adult bed-sharing, and clinical status (i.e. diagnosed with developmental delays, presenting seizures during the past 3 months, and treated with ≥2 antiepileptic drugs) were included in the models since they have been associated with sleep in children with epilepsy [16, 30, 34] . All analyses were performed using SPSS 17.0 with two-sided tests and p < 0.05 considered statistically significant. Table 1 presents characteristics of the study sample. The mean children's age was 3.87 years old and 63 (56.3%) were males, with 40 (35.7%) being the only child at home and 46 (41.1%) comorbid with developmental delays. Thirty-three (29.5%) children were treated with ≥2 antiepileptic drugs, with 50 (44.6%) children presenting seizures during the past 3 months. Seventy-five (67.0%) children shared a bed with parents or other caregivers during nocturnal sleep. Average daily sleep duration by actigraphy was 9.10 hr, with 91 (81.3%) children sleeping less than 10 hr in a 24 hr period. Average intraindividual variability in daily sleep duration was 1.10 hr as measured by the standard deviation across 7 days. A total of 105 (93.7%) children had a CSHQ total sleep disturbance score of >41. Greater maternal sleep knowledge was significantly correlated with reduced daily sleep variabilities by actigraphy and lower total sleep disturbance scores reported by parents. Table 2 summarizes maternal responses for the 36 questions concerning developmentally normal sleep patterns. On average, mothers answered 11 (30.5%) questions correctly about childhood normal sleep patterns, ranging from zero to 21 questions correct. Only six (5.3%) mothers answered half or more of the questions correctly. Each question was answered incorrectly by at least 23 (20.5%) of mothers. Across the 36 items, mothers more frequently answered "don't know" to questions about dreams, symptoms of sleep-disordered breathing, and adequate amount of sleep required by children and adolescents. For example, 35 (31.3%) mothers answered "don't know" to this question: Six years old require approximately 13.5 hr of sleep within a 24 hr period. However, only 13 (11.6%) mothers answered correctly to the same question. Additionally, up to 69 (61.6%) mothers answered "don't know" to this question: Difficulty breathing, sweating, and enuresis (bed-wetting) may be a sign of apnea (an absence of breathing) in children. However, only 12 (10.7%) mothers answered correctly to the same question. Figure 1 shows the percentage correct and percentage "don't know" responses for questions concerning normal sleep patterns within each developmental stage during childhood and adolescents. A total of 43.1, 38.8, 25.3, and 25.7 per cent of questions pertaining to normal sleep patterns during infancy, early childhood, middle childhood, and adolescence were answered correctly, respectively. Conversely, 11.6, 18.5, 33.7, and 34.8 per cent of questions pertaining to normal sleep patterns during infancy, early childhood, middle childhood, and adolescence were answered "don't know," respectively. Table 3 shows multivariate regression models predicting sleep in children with epilepsy. Child-adult bed-sharing (β = 5.81, p < 0.01), seizure within the past 3 months (β = 2.63, p = 0.04), and poorer maternal sleep knowledge (β = −0.11, p = 0.04) were the independent predictors of higher CSHQ sleep disturbance scores. Younger age (β = −0.23, p < 0.01) and treated with ≥2 antiepileptic drugs (β = 0.46, p = 0.02) were the independent predictors of longer daily sleep duration. Younger age (β = −0.10, p = 0.01) and poorer maternal sleep knowledge (β = −0.01, p = 0.04) were the independent predictors of greater intraindividual variability of daily sleep duration in children.
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Discussion
This is the first study that examines the relation between maternal sleep knowledge and sleep characteristics in pediatric epilepsy. This study advances the limited research on parental knowledge about childhood sleep by obtaining objective measurements of sleep in children with epilepsy concurrently with the validated CSHQ. We also measured sleep objectively over multiple days which permitted characterization of the intraindividual variability of sleep in each child. We found that mothers had insufficient and incorrect knowledge about developmentally normal sleep patterns in children, with uncertainty about children's sleep increasing as the age of the child increases. As hypothesized, this study found an independent association between decreased levels of maternal sleep knowledge and greater sleep disturbances and sleep variabilities in epileptic children. These associations remain statistically significant after adjusting for child's age, gender, bed-sharing, and relevant clinical and epilepsy variables. Sleep disturbances in epileptic children have been predicted by seizure severity, parent-child co-sleeping, and antiepileptic medications [8, 30, 34] . Findings from our study suggest that maternal sleep knowledge is an under-identified factor influencing sleep in children with epilepsy. Epileptic children in our study had poor sleep, with up to 93.7 per cent of children in our study having clinically significant sleep disturbance scores in comparison to the 78.8 per cent reported from nonclinical samples of Chinese preschool-age children [27] . Our results were similar to prior studies suggesting that epileptic children are more likely to have problematic sleep than the general pediatric populations [9, 10, 18] . One study also found that children with epilepsy had more irregular bedtimes and risetimes than those without epilepsy, and their sleep was on average 50 min shorter during weekdays when compared with weekends [16, 29] . Findings from our study support the high prevalence of sleep disturbances in epileptic children and suggest that parental misunderstanding of children's sleep may contribute to inappropriate sleep practices resulting in greater sleep variability in epileptic children.
Mothers in our sample had limited knowledge about normal sleep across childhood and adolescents, irrespective of maternal education level and whether mothers have experience parenting older children. Although up to 71.4 per cent of mothers in our study were at least college educated, only 5.3 per cent of the mothers answered half or more of the developmentally normal sleep questions correctly. Since this study sampled toddlers and preschool aged children, mothers may be more capable of responding to questions about sleep in infancy and early childhood than that in middle childhood and adolescence. However, maternal answers were still not optimum, with only 43.1 and 38.8 per cent having correct answers for questions about infant and early childhood sleep, respectively. Findings from our study were consistent with those documented previously suggesting inadequate parental knowledge about childhood sleep, even in well-educated parents and caregivers [12, 13] . Our results support the need to educate parents about childhood sleep patterns and problems, not just sleep in early childhood but also with anticipatory guidance to sleep in older children and adolescents. Such a sleep education program likely should target all parents since maternal sociodemographic factors in our sample had no relation with their knowledge about children's sleep patterns.
We found that only 10.7 per cent parents answered questions correctly related to the common symptom of obstructive sleep apnea, with up to 61.6 per cent mothers answering "don't know" to the question. Our findings were similar to those obtained in the original PSKI study which also reported that 12.3 per cent parents answered correctly and 66.7 per cent answered "don't know" to the sleep apnea question. Another survey assessed parental knowledge about healthy sleep in a pediatric primary care clinic sample and found that more than half of the parents considered snoring a sign of a child sleeping well [11] . Children with epilepsy have an increased prevalence of sleep-disordered breathing [17, 18, 29] . Parental unawareness of sleep apnea signs may result in potential sleep disorders being underreported and undiagnosed. Lack of knowledge of childhood sleep may delay parents to seek medical advice, thus affecting care and treatment for children's sleep disorders. The combination of insufficient parental sleep knowledge and unrecognized sleep disorder could place children with epilepsy at high risk for multiple adverse health outcomes. Findings from our study suggest that the sleep education for parents of children with epilepsy should also emphasize the medically associated sleep disorders and help parents understand the consequences of undiagnosed and undertreated sleep disorders for their epileptic children.
We found that mothers lacked knowledge about the recommended amount of sleep for children, with most questions pertaining to sleep durations answered incorrectly or don't know. Sleep needs vary greatly among individuals and across the pediatric age spectrum, with greater variabilities in sleep duration during early childhood relative to later childhood and adolescence [35, 36] . These likely make the interpretation of what constitutes a normal sleep amount challenging for parents and may explain why we did not find maternal sleep knowledge predictive of a child's daily sleep duration. Longer sleep duration in our study was predicted by younger aged children and antiepileptic drug polytherapy, suggesting that the daily required amount of sleep may be more biologically determined and altered by the exogenous and cumulative epileptic medications prescribed. Furthermore, up to 81.3 per cent of children in our study obtained <10 hr of sleep in a 24 hr period as objectively assessed by actigraphy. Ten hours of daily sleep is at the lower value of the current recommended daily amount of sleep for toddlers (11 to 14 hr) and preschool-age children (10 to 13 hr) [37] . Daily sleep amounts obtained in children in our study could be a concern because toddlers sleeping ≤10 hr per day were recently found to predict subsequent emotional and behavioral problems in children aged 5 [4] .
This study has some limitations worth noting. First, our sample was consisting of largely college-educated mothers at one medical center whose responses on the PSKI may not be generalizable to mothers with different demographics. Maternal knowledge about a child's sleep also may be different in rural areas or in other socioecological communities as the study's hospital was located in a metropolitan area in northern Taiwan. Nevertheless, our findings demonstrate how sleep knowledge is needed for mothers of epileptic children. Maternal sleep knowledge is more likely overestimated rather than underestimated due to our relatively well-educated mothers. We did not assess paternal sleep knowledge because mothers typically were the caregiver for their epileptic children. The lack of data from fathers preclude us to explore the differences that may exist in knowledge about pediatric sleep for mothers and fathers and also in relation to children's sleep practices. Second, the original version of the PSKI and the Chinese translation both have not been validated although we translated the PSKI into Chinese and carefully made edits according to the experts and parental feedback. The 62-item PSKI might need to be shortened to be feasible for the busy clinic setting. Our findings should encourage advancement and future development of a standardized instrument for assessing parental knowledge of children's sleep which could be utilized in the pediatric care field.
In conclusion, maternal knowledge about childhood sleep is inadequate and decreased maternal sleep knowledge is associated with poorer and more variable sleep in children with epilepsy. Findings from our study document the need to provide parental education about childhood sleep, particularly emphasizing the recommended sleep duration for children across different developmental stages and addressing the symptoms of sleep disorders commonly comorbid with epilepsy. Due to the frequent and regular visits, pediatric neurologic clinics could be an optimum setting to deliver sleep education and address sleep health issues to epileptic children and their families. Future studies should investigate whether educational programs provided as part of routine care in pediatric neurologic clinics can improve parental sleep knowledge and whether this could lead to improved sleep outcomes in children with epilepsy. 
